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UNITED  STATES  GOVERNMENT 

Memorandum 


to  :W.  S.  Culpepper,  State  Conservation  dat«:  July  25,  1963 

Engineer,  SCS,  Columbia,  Missouri 

from  :Rey  S.  Decker,  Head,  Soil  Mechanics  Laboratory, 

SCS,  Lincoln,  Nebraska 

subject: Missouri  WP-08,  South  Fork  of  Blackvater  River,  Site  Ho.  A-l 


ATTACHMENTS 


1.  Form  SCS-354,  Soil  Mechanics  Laboratory  Data,  1  sheet. 

2.  Consolidation  Data,  1  test,  3  sheets. 

3.  Form  SCS-355,  Triaxial  Shear  Test  Data,  2  sheets. 

1.  Form  SCS-352,  Compaction  &  Penetration  Resistance  Report,  2  sheets. 
5.  Form  SCS- 35 7,  Summary  -  Slope  Stability  Analysis,  1  sheet. 

Discussion 


FOUNDATION: 


A.  Classification:  The  bedrock  underlying  this  site  consists  of  shale  that 
contains  a  thin  zone  of  limestone  at  about  floodplain  elevation.  The  soil 
mantling  the  bedrock  is  a  moderately  plastic  CL.  The  CL  mantle  is  quite 
uniform  as  indicated  by  the  samples  submitted.  Die  gradation  and  plasticity 
varied  vithin  narrow  limits.  The  CL  mantle  ranges  in  thickness  frco  about 
5  feet  on  the  abutments  to  about  30  feet  in  the  floodplain  section. 

Dispersion  of  the  fraction  finer  than  0.005  am  is  quite  high. 

B-  Blov  Count  end  Density:  Blow  count  in  the  saturated  CL  was  in  the  range 
of  5  to  10  blows/foot  except  for  a  5>5  foot  zone  from  the  17  to  22.5  foot 
depth  in  Hole  Ho.  4  (t  Station  7+00)  where  2  blows/foot  were  recorded.  The 
core  submitted  from  Test  Hole  5  is  quite  typical  of  most  of  the  foundation 
based  on  a  comparison  of  the  natural  moisture  contents  of  samples  submitted. 
Generally  the  density  of  the  CL  foundation  alluvium  can  be  expected  to  be 
greater  than  1.52  (95  p.c.f. )  except  for  the  5-5  foot  zona  of  soft  material 
logged  in  Test  Hole  4. 

The  moisture  content  of  the  split  spoon  sample  submitted  from  the  soft  zone 
was  32.6  percent  compared  to  less  than  28.5  percent  for  the  other  samples 
submitted.  The  computed  density  of  the  CL  in  the  soft  zone  is  1.43  8/cc. 

C.  Shear  Strength.  A  shear  test  was  made  on  the  core  sample.  The  test  was 
made  at  natural  moisture  content  and  the  following  strength  values  were 
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obtained:  The  ln-place  strength  Is  c  •  375  p.s.f.  as  indicated  by  the 
unconfined  ccnpression  test;  the  consolidated  strength  is  $  »  16*,  c  « 
h25  p.s.f.  as  indicated  by  the  consolidated,  undralned  trlaxial  test. 

The  test  values  are  In  the  same  range  as  those  shovn  for  blov  count  vs. 
shear  strength  for  CL  material  in  the  "Guide  Manual".  The  strength  of  the 
soft  CL  based  on  blov  count  and  computed  density  Is  estimated  to  be  in  the 
range  of  jj  «  10*,  c  «  300  p.s.f. 

D.  Consolidation:  A  consolidation  test  on  the  core  sample  Indicates  that  the 
alluvium- ia  normally  consolidated  and  that  the  consolidation  potential  of 
this  material  Is  about  3$  under  the  proposed  loading  at  floodplain  eleva¬ 
tion  (856).  The  compressible  stratum  is  Judged  to  be  about  23  feet  thick, 

S  therefore  the  total  consolidation  in  the  found ati nn  is  expected  to  be 
about  0.66  foot. 

Differential  consolidation  around  the  relatively  deep  channel  section  Is 
not  expected  to  be  a  problem  since  the  compacted  fill  in  this  section  vlll 
have  about  the  same  consolidation  potential  as  the  foundation. 

E.  Permeability:  The  vertical  permeability  of  the  alluvium  is  expected  to  be 
in  the  range  of  0.01  ft./day. 

BtBAHKMEHT: 

A.  Classification:  The  borrov  materials  submitted  consist  of  residual  soli 
over  shale  that  is  classed  as  a  high  plasticity  CL  and  moderately  plastic 
CL  alluvium. 

B.  Compacted  Density:  Standard  compaction  testa  on  the  borrov  samples  resulted 
In  compacted  densities  of  106.5  p.c.f.  and  110.0  p.c.f. 

C.  Shear  Strength:  A  consolidated,  undralned  trlaxial  shear  test  vas  made  on 
Sample  03W3085  to  represent  the  majority  of  the  borrov  material.  The  test 
vas  made  at  95$  of  Standard  density  at  saturation.  The  shear  values  obtained 
vare  0  »  17.5*,  0  -  750  p.s.f. 

8L0F8  STABILITY: 

Stability  of  the  proposed  2^:1  slopes  vas  checked  with  a  Swedish  Circle  Method 

Of  analysis.  The  analysis  vas  made  at  the  maximum  section  and  the  foundation  vas 

considered  as  stratified  vlth  a  6  foot  stratum  of  soft  CL  (0  »  10*,  c  »  300  p.s.f.) 

iiaediately  overlying  the  bedrock. 

'Bui  factor  of  safety  obtained  against  full  dravdovn  on  the  2^:1  upstream  slope  vlth 

a  ID  foot  berm  at  elevation  863  vas  Fs  ■  I.30.  The  factor  of  safety  obtained  for 
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the  2^:1  downstream  slope  vlthout  a  drain  vas  Fg  »  1.22.  By  adding  a  10  foot 
berm  In  the  channel,  the  factor  of  safety  Increases  from  7g  “  1.22  to  Fg  «  1.36. 

Trials  No.  2A  and  3  show  the  factors  of  safety  for  the  dry  slope  condition 
immediately  aftir  construction  assuming  no  foundation  consolidation  and  an  in- 
place  shear  strength  of  0  «  0,  c  »  575  P-s.f.  The  Fg  on  the  upstream  slope  for 
this  condition  is  1.27  For  a  deep  arc  failure. 

RECOWETOATICHS 

A.  Cutoff  Trench:  tfe  recommend  a  minimum  depth  of  6.0  feet  for  the  cutoff 
trench  between  4  Stations  2+50  and  8+50.  A  trench  depth  greater  than  6.0 
feet  may  be  required  in  the  bottom  of  the  charnel  depending  on  materials 
encountered.  The  cutoff  trench  should  bottom  on  the  limestone  bedrock  in 
the  vicinity  of  4  Stations  2+50  and  8+50.  On  the  right  abutment  above 
4  Station  2+50,  the  trench  should  bottom  on  shale.  On  the  left  abutment 
above  4  Station  8+50,  a  minimum  trench  depth  of  6.0  feet  is  suggested. 

Ve  recommend  that  the  trench  bottom  on  the  thin  limestone  stratum  so  that 
the  limestone  can  be  carefully  examined  for  fractures,  etc.  in  order  to 
evaluate  the  permeability. 

With  the  trench  depths  suggested,  near  positive  cutoff  is  anticipated  where 
the  trench  bottoms  in  CL  or  shale.  Hie  only  uncertainty  appears  to  be  in 
the  area  of  the  limestone  stratum  on  each  side  of  the  vallev. 


The  trench  should  be  backfilled  with  CL  compacted  to  a  1 
Standard  Proctor  density. 

Bie  trench  excavation  may  be  used  in  the  fill. 


of  955t  of 


B.  Principal  Spillway:  Foundation  conditions  at  the  proposed  location  appear 
to  be  fairly  uniform  except  for  the  channel  bottom  as  shown  by  Test  Hole  303 
where  the  material  is  logged  as  soft  ML.  For  this  reason,  it  may  be  desir¬ 
able  to  shift  the  conduit  slightly,  so  that  the  lower  end  of  the  conduit  will 
be  on  the  firm  CL  alluvium  also. 

The  estimated  consolidation  potential  at  the  intersection  of  the  4  of  the 
,  dms  and  the  principal  spillway  is  estimated  to  be  0.66  foot.  Based  on  this 

S'  estimate,  the  horizontal  strain  at  natural  ground  surface  is  expected  to  be 

in  the  range  of  0.01  ft. /ft. 

C.  Drain:  It  appears  that  the  only  area  where  drainage  might  be  necessary  is 
at  '.he  base  of  each  abutment  where  a  thin  limestone  stratum  is  suspected. 

If  the  limestone  proves  to  he  in  good  condition  and  positive  cutoff  is 
obtained,  drainage  is  not  believed  to  be  required.  If,  however,  the  limestone 


t 
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is  permeable,  drains  should  be  installed  to  provide  a  safe  outlet  for 
seepage  that  will  by-pass  the  cutoff  trench.  Any  reasonably  veil  graded 
sand  and  gravel  could  be  used  for  the  drain. 


Bnbankment  Desig 


1.  Placement  of  Materials:  A  homogeneous  embankment  of  CL  is  recommended. 
The  CL  should  be  placed  at  a  minimum  of  95  percent  of  Standard  Proctor 
density  vlth  placement  moisture  contents  of  near  optimum  to  the  vet  side 
of  optimum. 


2.  Slopes:  The  folloving  slopes  are  recommended: 

Upstream:  2^:1  with  a  10  foot  berm  at  normal  pool  elevation  and  a 
10  foot  berm  in  the  channel. 

12'  -  -for  pip^ 

Downstream:  2^:1  with  a  10  foot  berm  in  the  channel. 


The  channel  berms  are  believed  to  be  necessary  in  viev  of  the  low 
factor  of  safety  obtained  on  the  downstream  slope  without  the  berm 
for  the  conditions  assumed  and  also  because  soft  ML  material  was  logged 
below  channel  elevation  in  Test  Hole  302. 


3.  Settlement:  An  overfill  allowance  of  1.0  foot  is  suggested  to  compen¬ 
sate  for  residual  settlement  within  the  fill  and  foundation. 


Attachments 
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H.  J.  Behrens,  Milwaukee,  Wls. 
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